We present initial pulsar results from the first station of the Long Wavelength Array (LWA1) obtained during the commissioning period of LWA1 and early science results. We present detections of periodic emission from 38 previously known pulsars, including 3 millisecond pulsars (MSPs). The effects of the interstellar medium on pulsar emission are significantly enhanced at the low frequencies of the LWA1 band (10-88 MHz), making LWA1 a very sensitive instrument for characterizing changes in dispersion measures (DM) and other effects from the interstellar medium. We report DM measurements for 38 pulsars and mean flux density measurements for 24 pulsars. We also introduce the LWA1 Pulsar Data Archive, which stores reduced data products from LWA1 pulsar observations. Reduced data products for the observations presented here can be found on the archive. Reduced data products from future LWA1 pulsar observations will also be made available through the archive.
INTRODUCTION
Though pulsars were originally discovered at 81.5 MHz (Hewish et al. 1968 ) and much of the initial followup of them were conducted at low frequencies (below 200 MHz), the majority of pulsar observations conducted after the mid-1970s moved to frequencies of about 350 MHz and above. This move to higher frequencies is largely due to three reasons. The first is effects on the detectability of pulsars due to effects from the interstellar medium (ISM), in particular dispersion and scattering. The time delay as a function of frequency (f ) due to the dispersive properties of the ISM increases as f −2 . Though this effect is largely correctable through the use of incoherent dedispersive techniques and completely correctable using coherent dedispersive techniques, these techniques require large computational resources and have only recently begun to be viable for low frequency observations. The effects of interstellar scattering broaden a pulse roughly as f −4 . These effects are not correctable without a clear detection of a scattered pulse and therefore a pulse which is completely scattered out cannot be recovered. The second reason which led to the majority of pulsar observations being conducted at higher frequencies is that many pulsars have an intrinsic spectral turnover at around 100-200 MHz. Therefore, observations at higher frequencies often result in higher quality detections. A third reason pulsar observations moved to higher frequency is the large sky temperature from Galactic synchrotron emission. Pulsars are generally steep spectrum sources with typical spectral indices of about −1.6, however the Galactic background is even steeper with a spectral index of −2.6 (Haslam et al. 1982 ).
Despite the previously described difficulties in observing pulsars at low frequencies, such observations are necessary to fully understand the pulsar emission mechanism as well as to probe the ISM. Many effects that are intrinsic to the pulsar are observed, such as profile evolution and the spectral turnover. Development of a complete theory for the pulsar emission mechanism must account for these observed effects and therefore further characterization of these effects in a large number of pulsars is warranted. The strong effects of the ISM, such as dispersion and scattering, at low frequencies may make pulsars in general difficult to observe at low frequencies, however since such observations are so strongly affected by the ISM, they provide exquisite measurements of these effects.
In recent years, many low-frequency observatories have come on line, including the first station of the Long Wavelength Array (LWA1; described in more detail below, also see Taylor et al. 2012) , the Low Frequency Array (LOFAR; van Haarlem et al. 2013; Stappers et al. 2011) , and the Murchison Widefield Array (MWA; Tingay et al. 2013) . The development of these systems is largely due to interest in detecting the epoch of reionization. Although, LWA1 originated with a goal of creating a multi-purpose instrument operating in a relatively unexplored region of the radio spectrum. With these telescopes beginning to come on line and with computers now powerful enough to mitigate the effects of dispersive smearing, observations of pulsars at frequencies below about 200 MHz are beginning to be performed more regularly. In this paper, we present pulsar observations made with LWA1 and introduce the LWA Pulsar Data Archive. In Section 2, we will describe LWA1. In Section 3, we will present how LWA1 pulsar data has been processed. In Section 4, we will introduce the LWA1 Pulsar Data Archive and how to access pulsar data from previous observations. In Section 5 we will describe the methods we used to measure the DM and mean flux density. In Section 6, we will detail current observations of known pulsars using LWA1.
THE FIRST STATION OF THE LONG WAVELENGTH

ARRAY
Here we briefly describe LWA1 as relevant to pulsar observations, for a detailed, general description of LWA1 see Taylor et al. (2012) and Ellingson et al. (2013b) . LWA1 is capable of tracking 4 sky locations using independent delay-and-sum beams. These beams each have 2 independent frequency ranges called tunings, each with dual polarization. Each tuning can have a center frequency in the range of 10-88 MHz with a frequency tagging better than 1 mHz (Schinzel & Dowell 2014) . LWA1 can be operated in full-bandwidth mode which does not filter any of the 10-88 MHz frequency range, or in split-bandwidth, which attenuates signals received below about 30 MHz. A majority of pulsar observations have been taken in split-bandwidth mode in order to remove the effects of RFI at frequencies below about 25 MHz. Typically, pulsar observations are recorded in baseband mode at a sample rate of 19.6 megasamples per second, allowing a bandwidth of . In cases where the data rate for this mode is too large and the science can be accomplished with less bandwidth, data can be recorded using lower sample rates.
The LWA1 data are timetagged by the digital processor using a system clock-based counter that is synchronized with the station's GPS receiver. The GPS receiver provides both the absolute time, as well as the signals needed to generate the system clock: a 1 pulse per second and a 10 MHz signal. The 10 MHz signal is generated using an internal rubidium oscillator that provides an accuracy better than one part in 10 11 when the GPS receiver is locked.
LWA1 PULSAR DATA PROCESSING
A set of software tools available for processing data from LWA1 are available in the LWA Software Library 5 (LSL; Dowell et al. 2012) . A number of tools useful for processing pulsar data are included in the 'Pulsar' extension to LSL. A majority of pulsar observations are processed with writePsrfits2.py, a tool that synthesizes a filterbank from the raw beam data and stores the results in PSRFITS (Hotan et al. 2004 ) format. The data can then be further processed using typical pulsar data reduction methods.
Due to the extreme effects of dispersion at LWA1 frequencies, many pulsars require coherent dedispersion be applied in order to avoid smearing of the pulses within a frequency channel. For these pulsars, the writePsrfits2D.py can be used. This tool is similar to writePsrfits2.py, but coherent de-dispersion is applied on a per-channel basis after the filterbank. The dedispersion method is an optimized C-based implementation of the de-dispersion module available in LSL. The C-based code uses both OpenMP to parallelize the process across channels and the FFTW library (Frigo & Johnson 1998) for optimized Fourier transforms. The placement of the de-dispersion after the filterbank allows for this process to be more memory efficient since the dispersion delay within a single channel is less than the sub-integration block size.
Though the maximum bandwidth of a single tuning is 19.6 MHz, if the tunings are spaced appropriately, they can be combined into a single data file. This includes tunings recorded with a separate beam, though in this case, the PSRFITS file must be created using writePsrfits2Multi.py or writePsrfits2DMulti.py, which is a tool that aligns the start and end point for files taken at approximately the same time using different LWA beams. Figure 1 shows a plot of PSR B1919+21 taken with two beams with tuning center frequencies of 35.1, 49.8, 64.5, and 79.2 MHz, each at 19.6 MHz bandwidth. The data were processed using writePsrfits2Multi.py and then combined in frequency. Figure 1 shows a plot of PSR B1919+21 taken with two beams with tuning center frequencies of 35.1, 49.8, 64.5, and 79.2 and bandwidths of 19.6 MHz and that have been processed using writePsrfits2Multi.py and then combined in frequency. 
LWA PULSAR DATA ARCHIVE
We have begun to store reduced data products from pulsar observations and have made them publicly available on the LWA Pulsar Data Archive 6 These data products can be used for the generation of pulse times-ofarrival, analysis of single pulse properties, and analysis of the pulse profile for each pulsar detection that has been made. Much of the data used in this paper and that is now available on the archive are the result of commissioning efforts and early pulsar project observations, however since LWA1 is now operating as an University Radio Observatory and telescope time allocation is awarded through a proposal system, projects which have been awarded time have a 1 year proprietary period for their data. Following the proprietary period, reduced data products from pulsar observations will be made available through the archive. The data products from each observation include the folded result from the Pulsar Search and Exploration Toolkit 7 (PRESTO) (Ransom 2001) , folded results in PSRFITS format, folded results from DSPSR 8 , a search format file with the data subbanded using the LWA1 determined dispersion measure (DM) into 128 frequency channels, a timeseries which has been de-dispersed at the LWA1 determined DM, a timeseries at DM=0, and RFI masking information. We provide a more detailed description of the available reduced products below.
• The PRESTO folded results include two folds; one which uses the best known ephemeris for the pulsar and another which starts with the best known ephemeris but searches for the optimal period, period derivative, and DM for the observation. The results include the folded data, an image of the folded result in postscript and png formats, and an ascii text file containing the best profile for that observation. These results are appropriate for pulse profile analysis and generation of pulsar TOAs.
• Folded results in PSRFITS format and in PSRCHIVE format (made using DSPSR) are generated to allow the use of various tools from PSRCHIVE 9 to analyze the observation. The data consists of 2048 bins across the profile with 60-s subintegrations, using the full frequency resolution of the original data file.
• The sub-banded data reduces the number of frequency channels to 128 (typically from 4096) by de-dispersing at the LWA1 determined DM and then summing channels. This data preserves the individual pulses as well as the original time resolution. The data can be used for generating additional folded results or for analysis of single pulse characteristics.
• The individual de-dispersed timeseries loses all of the original frequency information, but preserves the original time resolution. It can be used for quick folding of data and analysis of individual pulses.
• The zero-DM timeseries is included so that the RFI environment is known for singlepulse studies as well as to provide additional information on the general RFI environment of LWA1.
• RFI mask information, obtained using PRESTO's rfifind program, has been included to inform data users of the RFI environment for their particular observation and to provide a long term record of the LWA1 RFI. Typically, the mask information is obtained by analyzing 10 second long pieces, however this can vary based on the parameters of the observation.
DM AND MEAN FLUX DENSITY
For the pulsars that we have detected, we immediately obtain a measurement of their DM and we have estimated their flux density. For some pulsars, the emission shows the distinct signature of having been scattered by the interstellar medium, but we leave the measurement of scatter broadening to a future study.
DM
The measured DM for a pulsar can be time variable, due to motion of the pulsar relative to the Earth and a changing ISM (for example; Phillips & Wolszczan 1991) . These changes can be stochastic or can have a trend over time. Typically, the DM variations are of the order of 10 −3 to 10 −2 pc cm −3 yr −1 . There are also difficulties in measuring the absolute DM of a particular pulsar caused by profile evolution and interstellar scattering. The pulse profile of a pulsar often evolves with frequency and therefore it is not always clear how to properly align template profiles at different frequencies. Interstellar scattering is also a frequency dependent effect which causes the centroid of a pulse to be delayed at lower frequencies and can bias the measurement of DM.
For all of the pulsars that we detected, we obtained a measurement of the DM using the following method. We folded each of the observations using ephemerides from the ATNF pulsar catalog. We generated a standard template profile, typically using observations around 50-60 MHz. We then obtained TOAs across the frequency band (typically 4 TOAs per tuning). These TOAs were calculated by doing a least squares fit in the Fourier domain (Taylor 1992) . We then used TEMPO 10 to fit these TOAs for the best DM for the observation, leaving all other parameters fixed. The size of errors for our measured DM calculated this way depends on the pulse width and shape as well as the SNR of the pulsar detection, however typical 1-sigma error values range from about 10 −2 pc cm −3 for weak, slow pulsars to 5×10 −5 pc cm
for millisecond pulsars. Figure 2 shows a plot of the DM for PSR J2145-0750 calculated using the above method for 8 epochs. 
Mean Flux Density
The SEFD of LWA1 varies with observing frequency, zenith angle, and LST. In Schinzel & Polisensky (2014) the authors observed the bright known radio sources, Cyg A, Cas A, Tau A, Vir A, at varying zenith angles and frequencies. We used the results from this observing program to estimate the response of LWA1 to varying zenith angle, and used each source to determine the SEFD at zenith. The zenith was determined following the drift scan method described in Ellingson et al. (2013b) . The derived SEFDs for each object were then normalized to zenith applying the empirically derived power ratio fraction with respect to zenith:
where E is the elevation of the observed object in degrees. After this the normalized SEFD values were averaged per frequency bin. We found that the resulting SEFD is fairly constant across our observing band, but increases below 40 MHz. We then used the combined measurement of the SEFD at zenith and the fitted zenith angle dependence to estimate the SEFD for each of our pulsar observations. The error in the measurement of LWA1's zenith angle SEFD is about 25%, but to account for errors caused by SEFD variation with LST (which we are not accounting for in this work) and error in the fit of the function to zenith angle dependence, we use a total error of 40%. The results from Schinzel & Polisensky (2014) are only applicable for observations from LWA1 since the last calibration of the LWA1 cable delays, which occurred on 2013 Feb 28, so we have limited our mean flux density estimates to observations that occurred after this date. For each observation, we calculated the appropriate SEFD as described above and used the radiometer equation (Dewey et al. 1985) to estimate the mean flux density.
RESULTS
As of 2014 August 1, LWA1 has been used to detect periodic emission from 38 pulsars and giant bursts from another (B0535+21; Ellingson et al. 2013a ). Large individual pulses have also been reported from B0950+08 (Tsai et al., submitted), which is one of the sources for which we report periodic emission. Table 1 contains a list of 38 previously known pulsars detected through periodicity, the pulsar's period and DM as reported by the ATNF, and our DM measurement determined as described in Section 5.1. The largest difference in DM between the ATNF and LWA1 results occurred for PSR B0031-07, but the change of 0.016 pc cm −3 yr −1 is comparable in magnitude to previously observed DM variation. Further analysis of DM variations with time will be presented for a sub-sample of pulsars (including the 3 MSPs J0030+0451, J0034-0534, and J2145-0750) in a future paper. We also present profiles at various frequencies for these 38 sources in Fig. 3 . The majority of data used to produce these profiles were taken throughout commissioning activities and during early science runs. In some cases, pulsars were used to verify data integrity for other science targets. Therefore, they were taken in a variety of observing modes, over a wide range of dates (2012 May 11 to 2014 August 26), and were not processed in a uniform way. Due to the differences in data reduction and time difference between observations, the cause of profile offsets from one frequency to another is not clear. Therefore, for the majority of profiles, we simply aligned them manually by shifting the peak of each profile to the middle. However, PSRs B0031-07, B0320+39, and Figure 3 . Integrated pulse profiles for 38 pulsars detected with LWA1 at a variety of observing frequencies. In many cases, profiles at different frequencies were obtained at different times and reduced in different ways, so they have been aligned manually. Profiles for PSRs J0030+0451, J0034-0534, and J2145-0750 were coherently de-dispersed, while all others were incoherently de-dispersed. Incoherently de-dispersed profiles have a line showing the dispersive smearing time within the center frequency channel relative to the pulse period. Each profile contains 256 pulse phase bins. The center frequency and total amount of integration time is shown to the right of each profile. Integration times with a * are from observations obtained prior to 28 February 2013, when the telescope had a less optimal cable delay calibration.
B0809+74 show considerable profile evolution throughout the LWA1 frequency band, so these profiles were aligned "by eye".
We present mean flux densities determined as described in Section 5.2 and effective pulse widths for 24 Table 2 . Where possible, we compared our measured mean flux densities to previously reported values Izvekova et al. (1981) with past values, allowing for slight variability in flux and for scintillation. We expect that we will be able to reduce the size of the error on mean flux measurements in the future by adding additional parameters to the SEFD determination procedure described in 5.2, therefore we are postponing a more thorough comparison of mean flux values as well as estimation of spectral properties of the detected pulsars to future work. Though we leave out an analysis of scattering due to the ISM, the profile evolution across the LWA1 band for 10 pulsars (PSRs B0329+54, B0450+55, B0823+26, B0919+06, B1508+55, B1541+09, B1822-09, B1839+56, B1842+14, and B2217+47) show evidence of scattering. We have detected the mode switching PSR B0943+10 (Suleymanova & Izvekova 1984; Bilous et al. 2014) in both bright (B) and quiet (Q) mode and the resulting profiles are showin in Figure 3 ). 
CONCLUSION
We have presented detections of 38 pulsars using LWA1, including precise DM measurements for all 38 and mean flux density measurements at a variety of frequencies within 40-88 MHz for 24 of them. These detections demonstrate the capabilities of LWA1 for use in pulsar astronomy work, including the detection of 3 MSPs to date, J0030+0451, J0034-0534, and J2145-0750. LWA1's observing band goes down to the lowest frequencies observable through the Earth's ionosphere. Observations at these frequencies are very important for understanding the ISM as well as the pulsars themselves. A comparison of our measured DMs to those reported in previous work show that the DM has changed significantly since the original measurement. The derived rate of change is comparable to past DM variation measurements, however these changes can easily be monitored using LWA1. We have already begun to monitor the 3 MSPs for DM variation over time and based on the results observed, we will also monitor pulsars that have shown significant changes and present those results in future publications. We have presented profiles for 38 pulsars, some of which show considerable profile evolution over the LWA1 frequency band. Some of the profile evolution is likely due to interstellar scattering which will be investigated further and presented in future work. Profile evolution seen in PSRs B0031-07, B0320+39, and B0809+74 consists of considerable change in separate pulse components where one a weaker component at the upper end of our frequency band becomes stronger than other components as we go down in frequency. We have also introduced the open access LWA Pulsar Data Archive, where we are archiving pulsar observations performed with LWA1 in a variety of reduced data formats suitable for analysis of folded pulsar data as well as single pulse analysis.
